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Figure 1 — Growth of Pleasure Boating. 


Marine inboard engines can be divided into sev- 
cral groups, depending upon the number of cylin 


ders, cylinder arrangement, valve arrangement, 
horsepower or cooling systems. Cylinder arrange 
ments consist of the single cylinder (Figure 6) ; the 
familiar inline multi-cylinder engine, (Figures 3, 
7, 8, 9, 14) and the V type engine (Figures 4, 5, 
10, 11). In recent years the V-engine has become 
quite popular due to its low silhouette, compactness 
and high output per unit size 


f Solar Aircraft 


Figure 2 — Engine of the future? One of two Gas Turbines 
used for propelling a crew boat. 
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Valve arrangement may be either L-head (Fig 
ures 3, 6, 7) or valve in-head (Figures 4, 5, 8, 9, 
10, 11, 14) with both the in-line and V-engine. The 
number of cylinders may range from one to twelve. 
The one and two cylinder engines, Figures 6 and 7, 
are quite frequently used in commercial craft such 
as fishing boats or as auxiliary engines in pleasure 
craft. Horsepower may range from two to over three 
hundred. The trend is towards higher compression 
ratio, higher horsepower engines. Most of the in 
board engines in use today are liquid cooled; how- 
ever, air cooled engines, Figure 8, are available. 


MARINE ENGINE DESIGN 


Most pleasure-boat marine engines bear some 
resemblance to their automotive cousins, especially 
with such items as cylinder blocks, pistons and cylin- 
der heads; however, because of the large differences 
encountered in operating conditions and environ 
ment, the marine engine poses its own special design 
and performance problems. 

It must be realized that the marine engine is 
called upon to run steadily at fairly high speeds 
under medium to heavy load conditions; whereas its 
automotive counterpart operates intermittently over 
a wide range of speeds and loads. For this reason 
some marine engine components must be more rug- 
ged than those used in passenger car engines and in 
fact are more closely akin to truck engines. Exhaust 
valve life, for instance, is largely dependent upon 
the operating temperatures of the valves themselves. 
Since the valves in a marine engine are subject to 
prolonged operation at high temperatures, heavy 
duty valve gear components, such as sodium cooled 
valves, high alloy valve seat inserts and positive valve 
rotators, are often used. Other heavy duty parts such 
as hardened crankshafts, copper-lead crankshaft and 
connecting rod bearings and corrosion resistant 
valve springs, may also be employed 


f Chris-Crat 


six-cylinder L-Head engine employing dual 
up-draft carburetion. 


Figure 3—A 
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Figure 4— A modern V-8 engine utilizing a four-barrel car 
buretor. Note the flame arrestor and crankcase breather tube. 


Of considerable importance in present day marine 
engine design are the physical aspects of size and 
weight. With the increase in consumer demands for 
engines of greater horsepower, size and weight 
have become a prime factor in the selection of an 
engine for a particular boat. In this regard, the 
marine engine industry faces much the same prob 
lem as the automotive industry; that of increasing 
power output, mechanical, thermal, and volumetric 
its 


efficiencies of a given engine without changin 


basic structure. Power increase may be attained by 


a variety of means such as increasing the displace 


ment or raising the compression ratio. Turbocharg 
ing, illustrated in Figure 9, and fuel 
shown in Figure 10, may also be used. The problem 


i 


injection, 


of weight is somewhat aggravated by the use of such 
necessary items as water-jacketed exhaust manifolds, 
oil coolers and cast oil pans. Through economical 
design practices and the judicious use of lightweight 
materials, the overall engine weight may be kept at 
an acceptable level. 


Carburetion and Ignition 


Carburetors used on marine engines fall into 
three general classifications: up-draft (Figures 3, 
6), side-draft (Figure 11) and down-draft (Figure 
1). Up-draft and side-draft carburetors are used to 
a great extent to decrease overall engine height. 
Wholly unlike automotive power plants, marine 
engines must usually be installed in restricted inac 
cessible spaces where any accidental leakage can 
only collect in the bilge. Most marine carburetors, 
therefore, have an anti-drip feature. Flame arrestors, 
which are used in place of air cleaners, are also 
standard equipment of marine engines. Many gaso- 
line and diesel engines incorporate a crankcase 
breather system that delivers crankcase fumes to the 


air intake system as shown in Figures 4, 9, 10, 


Figure 5 — A V-8 two-cycle Diesel engine. 


and 11 
helps to minimize odor in the engine compartment. 


When the engine is running this feature 


The ignition systems are very similar to those 


found in automotive use with perha Ss some accent 
I 


on waterproofing. The control of spark advance on 


} 


a marine engine need not quite as flexible how 


ever, since throttle opening and load are constant for 


any given engine speed. For this reason many marine 


I 
engines use a centrifugal type spark advance which 
Oe daca 


is sensitive to speed 


hanges only. 


Cooling Systems 
With the exception of 


id 
cooled, 


engines that are air 


most marine engi 


ooled by pumping 


( ’ f7 al r £ m pany 


Figure 6 — A small four-cycle single-cylinder gasoline marine 
engine with manually controlled reverse gear 
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Figure 7 — A two-cylinder 12 H.P. L-Head gasoline engine. 


either fresh, treated sea, or raw sea water directly 
through the engine cooling jackets. The pump itself 
must be capable of providing sufficient coolant dur 
ing engine idling periods and (unlike the automo 
tive pump) 1s usually of the positive displacement 
type Either before or after the coolant has passed 
through the cylinder block and head passages it is 
routed through the jacketed exhaust manifolds to 
keep exterior engine temperatures at a low level 
The water is finally dispose d of by emptying it into 
the engine exhaust line 

In order to minimize low temperature engine 
deposits, engine jacket temperature should be main- 
tained of 150°F., and preferably 


higher. Operation of an engine at excessively lower 


at a minimum 
temperatures will result in a decrease in thermal 
ethciency and promote low temperature sludge, 
wear and corrosion. These factors will be discussed 
in more detail under fuels and lubricants. 
However, if salt water is being use as the direct 
coolant and its temperature exceeds 150°F., destruc 
tive scale and deposits tend to form in the cooling 
system. For example, salt deposits around exhaust 
valve seats may cause valve burning. It should be 
noted that the temperature limitation imposed by 
salt water as a direct coolant, is in direct Opposition 
to the statements made in the preceding paragraph. 
To eliminate the direct salt water cooling prob 
lem, a closed fresh water cooling system such as that 
shown in Figure 12, may be employed. This system 
is similar to that used in an automobile except that 
the conventional radiator 1s replaced with a heat 
exchanger, and sea water rather than air is used as 
the cooling medium. Two pumps are normally re 
quired, one to circulate fresh water through the 
engine and one side of the heat exchanger, and 
another to circulate sea water through the other side 
of the heat exchanger. It is possible to eliminate one 


pump by placing the heat exchanger along the keel 
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of the boat, thus submerging the heat exchanger in 
sea water. 


As mentioned previously, maintaining proper en 
gine temperatures is a very important factor in the 
performance and life of a marine engine. Coolant 
temperatures may be controlled in one of two ways: 
either manually, with a throttling valve controlling 
the amount of water recirculating through the sys 
tem, or automatically with a thermostat. 
Lubrication Systems 

The lubrication system is one of the major factors 
contributing towards dependability and durability in 
any internal combustion engine. Almost all marine 
engines manufactured at the present time use a full 
pressure lubrication system, as opposed to the splash 
system. In the full pressure system (see Figure 13) 
oil from the crankcase is pumped under pressure, by 
a positive displacement type pump, to an oil gallery 
or distribution line. From the gallery, oil is sent to 
the crankshaft main bearings, the connecting rod 
bearings, camshaft bearings and the valve train 
assembly. Hydraulic valve lifters, if used, are fed 
directly from the oil gallery. 

Oil filters are used on most marine engines. The 
two types in general use are the full-flow and the 
by-pass type. In the full-flow type, a// of the oil 
must pass through the filter on its way from the 
crankcase to the oil gallery. Should the filter become 
clogged, a by-pass line shown in Figure 13, is incor 
porated so that the flow of oil to the gallery will not 
be interrupted. In the by-pass type of filtering sys 
tem only a portion of the oil from the pump ts pass 
ing through the filter at any moment. Eventually, 
however, all of the oil is filtered. 

Since the flow of air through a marine engine 
compartment is not always adequate to ke ep the oil 
temperature at a reasonable level, it is often neces 
sary to use an oil cooler with the lubricating systen 


Figure 8 — An air cooled three-cylinder Diesel engine. 
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Figure 9 — A 4-cylinder turbocharged Diesel marine engine 


The oil cooler is nothing more than a simple heat 
exchanger which has engine coolant flowing through 
one side and lubricating oil through the other 
Crankcase oil temperatures should not be allowed 
to rise over 230°F. Excessively high oil tempera 
tures cause oxidation of the oil and the attendant 
formation of high temperature sludge, varnish de 


posits, and piston ring sticking. 


ENGINE LUBRICATING OILS 

In addition to its primary function of reducing 
friction, a crankcase oil must also prevent wear, cool 
bearings, retard the formation of deposits and pre 
vent rust and corrosion. Today's quality motor oils 
may contain one or a combination of different types 
of additives to aid the oil in performing these func 
tions. Under moderate or severe engine operating 
conditions at both high and low temperatures th« 
use of additives can enhance the oil’s performance 
immeasurably 

Probably the most severe engine operating con- 
coolant and 


dition occurs at low t Low 


temperature 
oil temperatures result from short cruises wherein 
the engine does not have sufficient time to warm up. 
At such times the important crankcase oil te mpera 
ture lags behind coolant temperature by an hour or 
more. The engine is considered to be 

old” engine 

velou 140 


perature is above 140 | 


when the crankcase oil temper 
, even though the coolant water tem 


The ope ration 1s even more 


ies ; 
severe if both oil and water temperatures are below 


I 
140°F. When coolant temperature 1s below 140°] 
the water vapor, 


which 1S formed during the com 


bustion of the ir mixture, condenses on 


cylinder walls and carr into the crankcas 


the action of the oil rings. Also, with a cold engit 


the fuel is not burned as completely as in a war 


engine. Some of the harmful produ ts of 
plete combustion are fuel soot, unburned lig 
acids and varnishes. Unless countera 


+ ty + - ] t ‘ ith 
hese materials mix wi 


suitable oil, 


water to form a soft grey paste known as low 


emperature sludge. If the oil does not keep this 
I | 


I 
plug oil coolers and stick hydraulic valve lifters. Oil 


material dispersed, it will deposit on engine parts, 


rings are also quite susceptible and may become 
plugged with resultant high oil « onsumption. Water, 
resulting from condensation in the engine, also com 


bines with other products of the incomplete com 


I 
bustion to form acidic materials which are corrosive 


to engine parts such as piston rings and cylinder 
walls and cause high engine wear. Water also causes 
rusting Of iron or steel engine parts unless pro 


11 


tected by the oil. In addition to sludge, rust and cor 


rosion, low temperature engine operation also 


results in the oil becoming diluted with unburned 


liquid fuel. This diluted oil is then scraped off the 
cylinder walls by the oil rings and carried into the 


In add 


crankcase tion to washing the oil film otf the 


reduces the 


I 
walls, the fuel 


ylinder viscosity orf 


dilutes’ the oil. If cold operation 1s prolonged 
dilution may reduce the viscosity of the oil to such 


an extent that it can no longer provide a sufficiently 


thick film of oil between moving parts; this pro 


motes rapid engine weal and higher oil consump 
I Q I 


t1i0n 
At the opposite end of the severity scale is engine 


P} ) 
Operation at high temperature The crankcase oil, 


when exposed to high temperature for a sufficiently 


period of time, 
the oxygen 


long will combine chemically with 


The rate at which oxidation 
progresses depends to a large degree upon tempera 


ture, the 


in the air 
higher the temperature the greater the 


tendency to oxidize. In some engine installations 


ne engine with fuel 
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Figure 11 — A V-8 engine employing dual side-draft carbure- 
tion and hydraulically controlled reverse gear. 


high oil temperature may occur during extended 
high speed engine operation unless prevented by 
some device such as operable oil cooler of adequate 


size. 


Oil Type 

A superior additive-type oil must be used to pro- 
tect the engine from the many undesirable effects 
arising from marine engine operation under severe 
conditions. A superior additive-type oil will con- 
tain adequate amounts of an effective oxidation 
inhibitor, a corrosion and rust protective, a deter- 
gent-dispersant additive, and an anti-foam agent. 
Oils which bear API Service Designations* of at 
least MS and DG are widely available and will give 
excellent protection to four-cycle gasoline engines. 
Diesel engine oils (API Service Designations DG, 
DM or DS) also give superior performance in four- 
cycle gasoline engines. 


Oil Drain Intervals 

The life of the crankcase oil is determined by its 
initial quality and by the type of service to which 
it is subjected. Additives wear out. The physical 
capacity of any oil to contain fuel soot is definitely 
limited. No oil nor oil filter can prevent fuel dilu- 
tion. Therefore the only method of removing all 
these contaminants from the engine is to replace the 
oil at correct intervals. Since operating conditions 
vary so widely, there is no such thing as an “‘average’ 
operation and a specific answer can not be given 
which will be correct for all. Engine manufacturers 
usually recommend replacement of the oil every 50 
to 100 hours. Since the restricted nature of many 
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engine installations will prevent draining the oil, it 
must be pumped out instead, therefore an oil that 
prevents deposit formation is all the more necessary. 
In cases where virtually all of the operation is of the 
short-cruise low-temperature type, the oil drain 
period should be even more frequent. For the 
majority, a 50 hour drain period is more realistic 
since service conditions are rarely ideal. A 100 hour 
drain period should be used only if service condi- 
tions are actually ideal, for example, use of a fresh 
water cooling system where jacket temperatures can 
be kept high and where most of the engine time is 
accumulated on extended cruises. 


FUEL REQUIREMENTS 

High output marine inboard engines have gaso 
line requirements similar in many respects to the 
modern automotive engine. The trend in design is 
towards high-output high-compression engines 
which demand a high octane gasoline to prevent 
detonation, “knock” or “'ping’’. Attempted use of a 
gasoline with too low an octane number can lead to 
numerous engine difficulties such as power loss, 
broken cylinder head gaskets, burned or cracked 
pistons, broken pistun rings and burned valves. 
Knock-free operation is important in any gasoline 
engine but it is vital in the marine engine because 
of the conditions under which this type of engine 
must operate. To illustrate, the octane requirement 
of an automobile engine is generally highest at low 
or medium engine speeds during full throttle accel 
eration. Consequently, if gasoline octane is too low 
under these conditions, the resulting knock will 
occur only momentarily and disappear as engine 
speed increases. This momentary knock, although 
ineffective and wasteful of power, will probably not 
cause immediate nor serious damage. The marine 
engine, however, cannot operate at full throttle and 
low speed because the boat's propeller allows the 


engine to speed up as soon as the throttle is opened. 
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Figure 12 — Schematic diagram of a closed fresh water cooling 
system. 
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Figure 13 — Schematic diagram of a full pressure lubrication 
system employing a full-flow oil filter and oil cooler 


The highest engine octane requirement theretor¢ 
occurs when the marine engine is operating steadily 
at high speed and high load. Since the marine engine 
may operate for considerable periods of time under 
these severe conditions, too low an octane number 
will result in continuous damaging knock. Unfortu 
nately, wind and wave noise may prevent this knock 
from being heard with the result that engine dam 
age or complete engine failure may occur without 
warning. 


Any attempt to utilize a low octane gasoline by 
retarding ignition timing excessively 1S ill advised 


itm 
an overheate | engine 
Marine whit 


ber of only al 


since iy Cause power IOSs, poorer fuel economy 


and burned exhaust valves 


gasolines* have an octane n 
out 8O. Leading engine manufacturers 
gh octane leaded marine 


lines available from several reputable 


now recommei d hi 
renners 
even 


some engine manul turers warn 


marine whit 


MARINE TRANSMISSIONS 

Perhaps one of the most deceptively simple look- 
ing pieces of equipment found on practically all 
inboard marine engines is the transmission. Its im 
portance should not be underemphasized; aside 
from functioning as a means of reversing the propel 
ler all transmissions provide a neutral position and 
some also serve as speed reduction units between 
the engine and propeller shaft. Reduction units are 
often necessary to operate a large boat with a high 
speed engine. 

Many of the first marine engines utilized only a 
clutch to provide forward and neutral, and some 
propeller shaft. With 


were connected directly to the 
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increase in engine speeds and the desire for 


tter boat maneuverability, the need deve loped for 
a marine transmission. The early transmissions took 
many forms; however, the one type which has 
evolved from the early designs is the planetary trans 
mission Planetary gearsets consist of a center o1 
gear and an internal or ring gear which are 
interconnected by means of planetary pinion gears 
brake By 
king any two of the gear train members direct 

may be obtained. By holding a particular mem- 


of the gearset stationary, a speed reduction is 


sun 


and controlled by bands or clutches 


ber 
isually obtained. If none of the members of the unit 
ittained. By 
using either a compound planetary with its two sun 
vears (Figure 15) or a simple planetary with two 


ire held stationary a neutral effect is 


sets of pinions (Figure 16), a reverse ratio is 
obtained. 

Until quite recently clutches and bands on most 
transmissions were applied mechanically by means 
A demand arose for an easier and a 
Mat 


O1ied 


of a hand lever 


remotely contr means ol shifting these trans 
missions which led to the development of hydraul 
Hydraulic 


is generally 


} 
actuated marine transmissions. 
plied by a pump which 


lriven from the input shaft at engine speed. This 


1¢ illy 


ressure 1S sup 
I 


pressure is directed through passageways by means 
of a manual valve and is used to actuate servo pistons 
which operate the clutches and/or bands. Hydraul 

lly operated transmissions almost always have 
their own lubrication system which is separate frot 
that of the engine. 

Marine transmissions are often cooled by water 
acketing the transmission case, or through the us 


of an external oil cooler. 


Che lubricants used in marine transmissions vary 


the way from extreme pressure gear lubrica 


and automatic transmission flt 


n lah 
eC in lubricants 








Figure 14 — A naturally aspirated six-cylinder, four-cycle 
Diesel engine. 
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Figure 15 — Cross-section of a hydraulically-operated marine 
transmission which uses a band and multi-dise clutch to control 
its compound planetary gear 
shifted transmission, for 


used in a hydraulically 


instance, must serve as a hydraulic medium for th 
fairly complex control system, besides acting as a 


lubricant and as a heat transfer medium. It is very 
important that the proper lubricant, obtained from 
a reputable refiner, be used to obtain long life and 
dependability from the marine transmission. Two 


widely used marine transmissions are shown in 


Figures 15 and 16 


MAINTENANCE SUGGESTIONS 
Although the inboard marine engine and trans 
mission are tough, rugged pieces of machinery, they, 
like all mechanical devices, require a certain amount 
of maintenance. Just a few hours and dollars spent 


each year on maintenance will be well rewarded 
with years of trouble-free operation 
The following might serve as a partial check 


} 


list of basic items which should receive period 


attention 


1. Check the crankcase and transmission oil levels 
before every trip, and make oil changes as dictated 


by the severity ol operation. 
2. Refill fuel tanks at every opportunity 


3. During fitting out, check the electrical system, 
particularly the cleanliness and gap adjustment of 
distributor breaker points and spark plugs 


check the fuel 


tanks, fuel lines and fittings, filters, pump, and car 


4 During hitting out, carefully 
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Figure 16 — Partial section of a hydroulically-operated marine 
transmission which employs two multi-disc clutches to control 
its simple planetary gear 


buretors for leaks. Drain completely before laying 


up. 


5. During fitting out, remove and clean flame 
arrestors by washing in kerosine. Clean air cleaners 
where used. Wash crankcase ventilator or oil fill cap 


in kerosine. 


6. The cooling system should also be inspected 
regularly for leaks. If a closed fresh water cooling 
system is used the proper water level should b« 
maintained. Thermostats should be inspected each 
season, especially when used in a direct salt water 


cooling system. 


While underway, it is a good habit t 
larly check the oil pressure and the temperature 


8. Such easy-to-overlook items as changing the 


oil filter, checking the battery water level and lubri 


cating the water pump should not be neglected 
9. Keep bilge pumped out 


Any inboard marine engine and _ transmission 
with proper care, will give many years of dependable 


Operation. 


SUMMARY 


Present day inboard marine engines have come a 
long way since the early days of weighty, bulky and 
inethicient engines. Transmissions have also made 
great strides over the years and have contributed 
considerably to boating enjoyment. Boating as a 
sport has been made economically available to almost 
anyone who desires to participate. These advances in 
boating have been made possible through the co- 
operative etforts of the boat, engine and transmis- 
sion manufacturers, along with the petroleum indus- 
try. With the quality engines, transmissions, fuels 
and lubricants now available, today’s inboard boat 
ethicient, pleasur- 


owner can expect many years ol 


able boating 
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date fuel costs no more! 
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Dealer ¢ Texaco Inc 


HOUSTON 2, TEX 720 San Jacinto Street 
INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
LOS ANGELES 5, CAL 3350 Wilshire Blvd. 
MINNEAPOLIS 3, MINN... ..1730 Clifton Place 
NEW ORLEANS 16, LA 1501 Canal Street 
NEW YORK 17,N. Y. 205 East 42nd Street 
NORFOLK 2, VA... ..3300 E. Princess Anne Rd. 


1511 Third Avenue 


Texaco Petroleum Products are manufactured and distributed in Canada by Texaco Canada Limited 





